The newly discovered Tiantangshan tin polymetallic deposit is located in the southeast Nanling Range, Cathaysia block, Southeast China. The tin orebodies are mainly hosted in the greisen and the fractured alteration zones of the tufflava and trachydacite. However, the genetic relationship between the hidden alkali-feldspar granite and volcanic rocks and the tin mineralization remains poorly understood. This paper presents SHRIMP zircon U-Pb dating, whole-rock major and trace element analyses, as well as Nd isotopic data of the trachydacite and alkali-feldspar granite. The SHRIMP zircon U-Pb dating of the alkali-feldspar granite and trachydacite yields weight mean 206 Pb/ 238 U ages of 138.4 ± 1.2, and 136.2 ± 1.2 Ma, respectively. These granitic rocks have high levels of SiO 2 (64.2-75.4 wt%, mostly > 68 wt%), alkalis (K 2 O + Na 2 O > 8.3 wt%), REE (except for Eu), HFSE (Zr + Nb + Ce + Y > 350 ppm) and Ga/Al ratios (10,000 × Ga/Al > 2.6), suggesting that they belong to the A-type granite. According to the high Y/Nb and Yb/Ta ratios, they can be further classified into A 1 subtype. Their ε Nd (T) range from −3.8 to −6.5. They were likely generated by the assimilation-fractional crystallization (AFC) of the coeval oceanic island basalts -like basaltic magma. This study suggests that the A 1 type granite is also a potential candidate for the exploration of tin deposits.
Introduction
The enrichment mechanism of Sn in tin deposits is of great importance for studies on its mineralization and may provide useful guidance for tin prospecting. Previous studies have revealed that most primary tin deposits are closely related to granitic rocks in time and space [1] , indicating a possible genetic relationship. The fractional crystallization of granitic rocks plays a vital role in the origin of the tin deposit [2] , whereas the geochemical heritage of granitic rocks has been shown to exert a relatively limited influence on tin mineralization [3] . The in situ fractional crystallization of Figure 1 . A sketch map of tin polymetallic deposits in the Nanling Range and neighboring area. Also shown are the late Mesozoic volcanic-intrusive complex and the A-type granite belts, modified after [15] . A sketch map of tin polymetallic deposits in the Nanling Range and neighboring area. Also shown are the late Mesozoic volcanic-intrusive complex and the A-type granite belts, modified after [15] . 
Tectonic Settings

Regional Geology
The South China Block is composed of the Yangtze Block in the north and the Cathaysia Block in the south. The Cathaysia Block consists of Paleoproterozoic to Early Neoproterozoic metamorphic rocks, Late Neoproterozoic to Paleozoic continental to neritic marine sediments, and Mesozoic terrestrial clastics. The South China Block experienced multiple tectono-magmatic events during the Mesozoic, including its collision with the Indochina Block at ca. 240-230 Ma [17, 18] , its collage with the North China block along the Dabie-Sulu orogenic belt at ca. 220-245 Ma [19] , and the westward subduction of the Palaeo-Pacific Plate that likely started in the Late Triassic [15] . These events triggered the intensive and extensive Mesozoic magmatism as well as the related tin mineralization in SE China [20] . Triassic granitoids are mainly exposed over the inland regions of the South China, whereas their Jurassic to Cretaceous equivalents are distributed in the form of 600 km wide volcanicintrusive complex belt, parallel to the present coastline. Studies have indicated that these granitoids mostly belong to the (high-K) calc-alkaline series, and can be genetically classified as I-and S-types [20, 21] . In addition, Mesozoic A-type granite formed over different periods have also been identified. The Late Triassic (229-221 Ma) A-type granite occur as an ENE-trending belt, and are coincident with the Late Triassic mafic magmatism. On the other hand, the Early Jurassic (192-188 Ma), Late Jurassic (163-153 Ma), Early Cretaceous (141-124 Ma) and Late Cretaceous (101-91 Ma) A-type granite belts are all NNE-trending in parallel to the present coastline [15] . All these five belts were produced by repeated slab-advance-retreat of the Palaeo-Pacific plate [15] .
The Nanling Range, a major E-W trending W-Sn metallogenic province, is situated within the northwestern margin of the Cathaysia Block (Figure 1 ), and includes most of the border areas of Hunan, Jiangxi, Fujian, Guangdong and Guangxi Provinces. The region is characterized by the late Mesozoic intensive multistage magmatism and large-scale mineralization of tin, tungsten, and other rare-metals. The tin polymetallic deposits mainly comprise of skarn and wolframite-bearing quartz veins with minor greisen types [11, 22] . It has been suggested that the formation of these tin-bearing deposits can be divided into three distinct stages, including the Late Triassic (230-210 Ma), Mid-Late Jurassic (170-150 Ma) and Early-Mid Cretaceous (120-80 Ma) [22] . The Early Cretaceous tin polymetallic deposits in the Nanling Range are mainly located in the volcanic basins of Southeast Jiangxi and have not been vigorously investigated in previous studies possibly due to their comparatively smaller scale. The Tiantangshan tin polymetallic deposit is located in the southeast region of the Nanling Range, but the petrogenesis of the hidden alkali-feldspar granite and 
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The Nanling Range, a major E-W trending W-Sn metallogenic province, is situated within the northwestern margin of the Cathaysia Block (Figure 1) , and includes most of the border areas of Hunan, Jiangxi, Fujian, Guangdong and Guangxi Provinces. The region is characterized by the late Mesozoic intensive multistage magmatism and large-scale mineralization of tin, tungsten, and other rare-metals. The tin polymetallic deposits mainly comprise of skarn and wolframite-bearing quartz veins with minor greisen types [11, 22] . It has been suggested that the formation of these tin-bearing deposits can be divided into three distinct stages, including the Late Triassic (230-210 Ma), Mid-Late Jurassic (170-150 Ma) and Early-Mid Cretaceous (120-80 Ma) [22] . The Early Cretaceous tin polymetallic deposits in the Nanling Range are mainly located in the volcanic basins of Southeast Jiangxi and have not been vigorously investigated in previous studies possibly due to their comparatively smaller scale. The Tiantangshan tin polymetallic deposit is located in the southeast region of the Nanling Range, but the petrogenesis of the hidden alkali-feldspar granite and trachydacite needs further study, and their possible genetic relationship with the tin deposit remains enigmatic.
Geology and Sampling of the Tiantangshan Tin Polymetallic Deposit
The newly explored Tiantangshan tin polymetallic deposit is located in the Mabugang town of Northeastern Guangdong (Figure 1 ). The stratigraphic sequence in the Tiantangshan deposit consists of the Late Jurassic Gaojiping Formation. The Gaojiping Formation is dominated by intermediate felsic lava and pyroclastic rocks, and can be further divided into three members from bottom to top that differ in their eruption cycles and the type of rocks that they contain [16] . The first member is more than 340 m thick and is exposed in the northwest of the mining area (Figure 2 ), consisting mainly of rhyolitic ignimbrite with minor breccia-bearing ignimbrite. The second member is about 280 to 350 m thick and hosts the tin orebodies (Figure 2) , with a mineral composition of trachydacite, rhyolitic tuff, tuffaceous lava and crystal lithic tuff. The third member, over 550 m thick, mainly comprises rhyolitic breccia-bearing lava and rhyolitic lithic crystal tuff. Drilling reveals the concealed alkali-feldspar granite underneath the volcanic rocks (Figure 3b ). The main structures in the mining area include NE-striking (F 3 ) and NNE-striking (F 2 ) faults. Three types of W-Sn orebodies can be identified in the Tiantangshan deposit, including greisen-, quartz vein-and fracture zones veined type. Typical hydrothermal alterations in the area encompass albitization, silicification, topazization, greisenization, biotitization, chloritization, sericitization, and fluoritization [16] . According to field and microscopic observations, the formation of the tin ores can be divided into four stages that can be distinguished by mineral assemblage: (1) Greisenization stage (stage I), (2) Quartz-cassiterite-wolframite stage (stage II), (3) Quartz-fluorite-cassiterite-sulfides stage (stage III) and (4) Post-ore stage (stage IV) [16] .
In this study, the alkali-feldspar granite and trachydacite samples were collected from the core which drilled from the ZK422, ZK010 and −711 m underground tunnels. The alkali-feldspar granite consists of K-feldspar, plagioclase, quartz and biotite with a medium-grained granitic texture (Figure 4a,b) . Greisen is made up of quartz, muscovite, topaz, chlorite, cassiterite, and rare pyrite (Figure 4c,d ). On the other hand, the trachydacite mainly contains phenocrysts and matrix which consists of alkali-feldspar, plagioclase and quartz (Figure 4e 
Analytical Methods
SHRIMP Zircon U-Pb Dating
Zircon in situ U-Th-Pb isotope analyses were conducted using a SHRIMP-II at the Beijing SHRIMP Center, Chinese Academy of Geological Sciences, Beijing, China, following the similar analytical procedure described by [23] . A primary 20-30 µm·O 2− ion beam with an intensity of 3-6 nA was used to bombard the zircon surfaces. The raster time was set to 120-200 s. Each analysis consisted of five scans. Reference zircons for elemental abundance calibration included 91,500 (U = 91 ppm), SL13 (U = 238 ppm), and M257 (U = 840 ppm) [23] [24] [25] . TEMORA with a 206 Pb/ 238 U age of 417.0 ± 1.8 Ma was used for calibration [26] . Data were processed by SQUID and Isoplot [27] . Common Pb corrections were based on the measured 204 Pb contents. Uncertainties for individual analyses were quoted at 1σ, whereas the errors for the weighted mean ages were quoted at 2σ (95% confidence). 
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Major, Trace Elements and Nd Isotope of Intrusive-Volcanic Rocks
The alkali-feldspar granite and trachydacite samples were crushed and powdered to 200 meshes in an agate mortar. Whole-rock major and trace elements analyses of the alkali-feldspar granite samples were performed at the Key Laboratory of Orogenic Belts and Crustal Evolution, Ministry of Education, School of Earth and Space Sciences, Peking University. Major elements were analyzed with an X-ray fluorescence spectrometer on fused glass beads. The analytical uncertainty of oxide over 10 wt% is <1% while that of oxides below 10 wt% is <10%. Detailed methods for trace elements analyses were presented in [28] . Trace elements were characterized on a PerkinElmer Elan9000/DRCII/DRC-e ICP-MS. In brief, exactly 50 mg of sample powder were dissolved at 190 • C in a closed high-pressure Savillex Teflon beakers containing a mixture of 1 mL HF + 1 mL HNO 3 for 36 h. The resultant solution was then evaporated to dryness, followed by the addition of 1.5 mL of HNO 3 , 1.5 mL of HF and 0.5 mL HClO 4 . The beaker was subsequently capped and placed in an oven to allow the digestion to proceed at 180 • C for at least 48 h. Once the powders were completely digested, the residue was diluted in 50 mL of 1% HNO 3 for further analysis. The international reference samples GSR-1 (granite), GSR-2 (andesite) and GSR-9 (granodiorite) were used as controls. All of trace elements measurement showed an error below 5%.
Whole rock major and trace elements analyses of the trachydacite samples were conducted at the Analytical Laboratory of Beijing Research Institute of Uranium Geology, China National Nuclear Corporation. Whole rock major elements were analyzed by were analyzed on a Philips (Philips PW2404, Amsterdam, The Netherlands) X-ray fluorescence spectrometer (XRF). The test methods were based on GB/T 14506-2010 and had a precision that was better than 1% for the oxides over 10 wt% and 10% for the oxides below 10 wt%. Meanwhile, trace elements were analyzed by inductively coupled plasma mass spectrometry (ICP−MS) on an Agilent 7500a system using the same procedure described above, with a measurement uncertainty of 5%. Nd isotope analyses were performed at the Analytical Laboratory of Beijing Research Institute of Uranium Geology, China National Nuclear Corporation, following a previously established protocol [29, 30] . Briefly, 100 mg of the sample powder was dissolved in a Teflon beaker containing a mixture of HF + HNO 3, followed by the separation and purification of Nd with conventional cation-exchange. The mass fractionation corrections of 143 Nd/ 144 Nd ratios were on the basis of 146 Nd/ 144 Nd of 0.7219. Total analytical blanks were 5 × 10 −11 g for Sm-Nd.
Results
SHRIMP Zircon U-Pb Geochronology
SHRIMP zircon U-Pb dating results of two samples are summarized in Table 1 and illustrated in Figure 5 . The zircons exhibit regular oscillatory magmatic zoning with a size distribution mostly between 100 and 200 µm and high Th/U ratios in the range of 0.4 to 0.98 (Table 1) . Nine analyses of sample TTS-50 (alkali-feldspar granite) plot in a group on the Concordia curve and yield a weighted mean 206 Pb/ 238 U age of 138.4 ± 1.2 Ma (MSWD = 0.62) (Figure 5a ). Eleven analyses for sample TTS-89 (trachydacite) plot in a group on the Concordia curve and yield a weighted mean 206 Pb/ 238 U age of 136.2 ± 1.2 Ma (MSWD = 0.49) (Figure 5b ). 
Major, Trace Elements of Whole Rocks
The alkali-feldspar granite samples have SiO2 contents of 73.0-75.4 wt% (Tables 2 and 3) , and are characterized by relatively high heavy rare earth elements (HREEs), significant depletion of Eu, Ba and Sr, as well as notable negative Eu, Ba and Sr anomalies (Figure 6a,b) . In comparison, the trachydacite contain lower abundances of SiO2 that range from 68.5 to 70.0 wt.%, and are enriched in light rare earth elements (LREE) but depleted in HREEs with notable negative Eu anomalies ( Figure  6c) . Furthermore, the trachydacite samples are enriched in large ion lithophile elements (LILE) and depleted in high field strength elements (HFSE), while showing notable negative Ta-Nb and Ti anomalies (Figure 6d ). 
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Nd Isotopes of Whole Rocks
The alkali-feldspar granites exhibit relatively narrow Nd isotopic compositions with ε Nd (T) ranging from −3.8 to −5.8 (Figure 7) , whereas the average ε Nd (T) of trachydacite is comparatively lower at −6.5. All the granitic rocks yield Mesoproterozoic T DM2 ages between 1.06 and 1.40 Ga. The alkali-feldspar granites exhibit relatively narrow Nd isotopic compositions with εNd (T) ranging from −3.8 to −5.8 (Figure 7) , whereas the average εNd (T) of trachydacite is comparatively lower at −6.5. All the granitic rocks yield Mesoproterozoic TDM2 ages between 1.06 and 1.40 Ga. 
Discussion
Duration of the Magmatism and Hydrothermal Activities
Unlike zircon U-Pb age, biotite 40 Ar/ 39 Ar ages tend to reflect the cooling history of the minerals rather than their crystallization. In addition, they generally do not record early magmatic and hydrothermal events at >350 • C. The time intervals between zircon U-Pb ages and biotite 40 Ar/ 39 Ar ages could indicate a prolonged magmatic-hydrothermal process and cooling history. Previous 40 Ar/ 39 Ar dating of biotite coexisting with cassiterite in the Tiantangshan deposit yielded an isochron age of 133.5 ± 0.75 Ma [16] . In our present study, the 206 Pb/ 238 U ages of the alkali-feldspar granite and trachydacite in the same deposit are measured to be 138.4 ± 1.2 and 136.2 ± 1.2 Ma, respectively. Evidently, these felsic rocks have slightly older emplacement ages when compared to the biotite 40 Ar/ 39 Ar data. An alternative interpretation is that the relatively low closure temperature of the biotite rendered it sensitive and vulnerable to thermal events, which could result in apparent diffusive argon loss. Compared to the zircon U-Pb ages, the younger biotite 40 Ar/ 39 Ar ages imply a possible thermal disturbance. However, the biotite 40 Ar*/ 39 Ar ratios are relatively consistent in each fractionation across different heating steps and yield similar apparent ages with a flat age spectrum [16] . The plateau ages have a close relationship with the isochron ages [16] . The observation thus precludes the possibility of a subsequent thermal disturbance. The biotite 40 Ar/ 39 Ar geochronology is sufficiently reliable to constrain the timing of cooling. The average biotite 40 Ar/ 39 Ar age is~3 million years younger than that of alkali-feldspar granite, which corresponds to the estimated duration from magma emplacement to biotite Ar-Ar closure. We therefore hypothesize that the Tiantangshan tin polymetallic deposit experienced a prolonged magmatic-hydrothermal process that might have lasted for at least 3 million years.
Recent advances in the dating of tin deposits, such as the employment of zircon or cassiterite U-Pb, Molybdenite Re-Os and muscovite or biotite Ar-Ar isotopic ages, have enabled researchers to characterize the magmatic-hydrothermal process and cooling history of tin deposits with excellent precision. The biotite 40 Ar- 39 Ar plateau age (135.1 ± 0.8 Ma) is~3 million years younger than the zircon U-Pb age of the biotite monzonitic granite porphyry in the Feie'shan W-Sn deposit (139.2 ± 1.7 Ma) [35] . The muscovite 40 Ar/ 39 Ar plateau age (140.6±1.0 Ma) is~4 million years younger than the cassiterite U-Pb age (145.8 ± 0.6 Ma) in the Xiling tin deposit [36] . Two muscovite samples collected from greisen W-Mo-Be ores and W-Mo-bearing muscovite-quartz stockwork ores yield 40 Ar/ 39 Ar plateau ages of 146.85 ± 0.8 Ma and 146.31 ± 0.75 Ma, respectively, which are both~6 million years younger than that of the granite in the Xiatongling W-Mo-Be deposit (154.7 ± 1.7 Ma) [37] . The Sn-Nb-Ta bearing Jinzhuyuan granite in limu mining district show a U-Pb age of 218.3 ± 2.4 Ma with a muscovite 40 Ar/ 39 Ar plateau age of 212.4 ± 1.4 Ma and isochron age of 213.2 ± 2.2 Ma [38] . The magmatic crystallization, ore formation, and the related alteration all occurred over a short interval of less than 6 million years in the Taoxikeng tungsten deposit [39] .
Genetic Type, Origin and Tectonic Background of the Tiantangshan A-Type Granite
Both the Tiantangshan alkali-feldspar granite and trachydacite exhibit a strong A-type affinity [10, 34, 40, 41] , as evidenced by their enrichment in REEs (except for Eu, Figure 6 ) and HFSEs (Zr + Nb + Ce + Y > 350 ppm), depletion in Ba and Sr (Figure 6 ), as well as high Ga/Al ratios (Figure 8a ). The relatively low Yb/Ta and Y/Nb ratios further indicate that these granitic rocks should be classified as A 1 subtype (Figure 8b ). A-type magmas were suggested to result from the partial melting of specific crustal protoliths [34, 40, 42] or from the extensive fractional crystallization from mantle-derived basaltic magmas [43] . The A 1 subtype generally share similar Nb/Ta and Y/Nb ratios as oceanic-island basalts, whereas their counterparts bear a geochemical resemblance to average crust and island-arc basalts [9] (Figure 8b ). The Tiantangshan alkali-feldspar granite and trachydacite belong to the A 1 subtype and plot in the OIB field, presumably indicating that they were derived from an OIB-like source. Furthermore, the Nd isotopic compositions of these granite are similar to those of coeval (~140 Ma) OIB-like mafic rocks in northern Guangdong (−5.89 to 5.16), suggesting that they might have derived from the AFC of basaltic magmas (Figure 7) . The fact that of the alkali-feldspar granite and OIB share similar Nb/Ta and Y/Nb ratios strongly implies that they may represent the mantle differentiates with less continental crust contamination in their origin. The evolved elemental ratios of the trachydacite suggest that they were contaminated with continental crust to a greater extent than the alkali-feldspar granite ( Figure 9 ). This is further supported by the fact that the trachydacite exhibit high ε Nd (t) and negative Nb-Ta anomalies ( Figure 7 ). Taken together, we conclude that the Tiantangshan A 1 -type granite were generated from the AFC of the coeval OIB-like mafic magma. The A-type granite is hypothesized to have formed at extensional tectonic background [9, 40] . The Late Mesozoic magmatism and mineralization of SE China are generally considered to be related to the subduction of the Palaeo-Pacific plate, for which a number of models have been proposed [20, [44] [45] [46] . More recently, a new repeated slab-advance-retreat model of the Palaeo-Pacific plate was developed based on geochronological and geochemical data of Late Triassic to Early Jurassic mafic rocks and Early Jurassic A-type granites in southern Jiangxi and western Fujian Provinces [15] . According to this repeated slab-advance-retreat model, the formation of the Early Cretaceous (141-124 Ma) A-type granite belt ( Figure 1 ) was a result of the regional extension caused by the progressive slab rollback. Our new data presented in this paper lent further support to this model. The origin of the Early Cretaceous Tiantangshan A-type granite suggests the development of a back-arc extension along the Early Cretaceous A-type granite belt since the beginning of Early Cretaceous as a consequence of slab rollback [15] . Such an extension caused lithosphere thinning and the concomitant asthenosphere upwelling. The underplating of basaltic magma could trigger partial melting of the thinned lower-crust rocks, leading to the formation of the Early Cretaceous A 2 type granites. On the other hand, the AFC of the underplated basaltic magma could subsequently give rise to the Tiantangshan A 1 type granite. Therefore, the Tiantangshan tin polymetallic deposit might have generated in an extensional tectonic regime caused by slab rollback of the Paleo-Pacific Plate. 
A-Type Granite and Tin Mineralization
Magmatic differentiation plays a crucial role in the formation of tin bearing granite [3] . The in situ fractional crystallization of tin granitic rocks is characterized by a remarkable decrease in the level of Rb and depletion of Ba and Sr [2] . Consistent with this, the Tiantangshan alkali-feldspar granite generally exhibit low abundance of Sr and Ba, as well as increased levels of SiO 2 , suggesting that they were derived from fractional crystallization. Continued fractional crystallization in the rest of the melts led to enrichment of Sn, W, Ta, Rb, Cs, F and Li, as well as depletion of Ti, U, Th, Ba, Sr, Zr. Among these elements, Ti and Ta are representative of distinct enrichment or depletion. TiO 2 /Ta ratio is, thus, a good indicator of the evolution degree of granitic magma differentiation [4] . Moreover, Rb and Li may be affected by the hydrothermal processes, whereas Ta and Ti are relatively stable. The TiO 2 /Ta ratios show a progressive decline from 4900 in the less differentiated granodiorite to <1 in the most differentiated granite from the Marche area [4] . In general, the TiO 2 /Ta ratio of the Tiantangshan alkali-feldspar granite is inversely correlated to the level of Sn (Figure 10 ). In contrast with alkali-feldspar granite, trachydacite has a comparatively lower content of SiO 2 , but elevated levels of Sr, Ba (Tables 2 and 3) and TiO 2 /Ta ratio ( Figure 10 ). All of these geochemical features imply that trachydacite experienced less differentiation than the alkali-feldspar granite. Furthermore, all except one trachydacite sample (which might have been affected by greisenization at a later stage) that we analyzed contain less Sn than the alkali-feldspar granite (Tables 2 and 3) . We, therefore, suggest that Sn enrichment of Tiantangshan tin deposit is more likely related to the Tiantangshan alkali-feldspar granite than the trachydacites. Another possible explanation is that these granitic rocks could have inherited their geochemical specialization from their source rocks during the partial melting. However, TiO 2 -Sn and Rb/Sr-Sn binary diagrams of the granitic fractionation series from various tin and non-tin provinces do not seem to support this hypothesis [1] . Previous studies showed that source rocks generally contribute a maximum of 5-10 ppm of Sn. Instead, the observed Sn enrichment is more likely to have resulted from the fractional crystallization of tin bearing granitic rocks. Both Tiantangshan alkali-feldspar granite and the trachydacite are derived from same source rock via AFC. The observation that the less differentiated trachydacite generally have lower Sn contents than the highly differentiated alkali-feldspar granite provides further support to this view. 
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Recent advances in the dating of tin deposits, such as the employment of zircon or cassiterite UPb, Molybdenite Re-Os and muscovite or biotite Ar-Ar isotopic ages, have enabled researchers to Prolonged fractional crystallization leads to concentration of H 2 O and other volatiles in the rest liquid. Free water could react with the granite causing it to be gradually converted into greisen. The beginning of greisenization is characterized by the alteration of K-feldspar into muscovite (Figure 4d ), which is illustrated by the following reaction: 3KAlSi 3 O 8 + 2H + = KAl 3 Si 3 O 10 (OH) 2 + 6SiO 2 + 2K + . Sn is generally considered to exist as Sn 2+ or Sn 4+ in complexation with Cl − in the fluid [47] . Lowering the HCl activity in the fluid system leads to the precipitation of the cassiterite as manifested by (SnCl 4 [H 2 O] 2 ) 0 = SnO 2 + 4HCl and (SnCl 3 ) − + H + + 2H 2 O = SnO 2 + 3HCl + H 2 . Greisenization is, therefore, a good catalytic reaction for the precipitation of cassiterite. The magmatic-hydrothermal process lasted at least~3 million years and produced at least one hydrothermal pulse, which resulted in the generation of the hydrothermal biotite at~133 Ma.
Conclusions
1.
The SHRIMP zircon U-Pb dating of the alkali-feldspar granite and the trachydacite in the Tiantangshan tin polymetallic deposit yields 206 Pb/ 238 U ages of 138.4 ± 1.2 and 136.2 ± 1.2 Ma, respectively. The Tiantangshan tin polymetallic deposit experienced a prolonged magmatic-hydrothermal process over a period of~3 million years from the emplacement of granitic rocks to the origination of the hydrothermal biotite.
2.
Both the Tiantangshan alkali-feldspar granite and trachydacite can be classified as A 1 -type granite based on geochemical evidence. These granitic rocks were derived from the AFC of the coeval OIB-like basaltic magma in an extensional setting, which was most likely caused by the rollback of the Paleo-pacific plate.
3.
The tin polymetallic mineralization is associated with the Tiantangshan A 1 type alkali-feldspar granite. 
